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6 inch fabrication line	

8 inch fabrication line	

1 cm2 ~ $ 2	

Possibility	in	Korea	
Excellent	cost	effecTve	R&D	and	Fabr.	Environement	 
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PHENIX	MPC-EX		
Silicon	Sensor	MOU	



										Yonsei	Uinv.	BIO-IT	Micro	Fab. 
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Minipad	Sensor	for	PHENIX	MPC-EX 

						MPC-EX	(Muon	Piston	Calorimeter	Extension)	is	a	pre-shower	detector	for	
the	electromagneTc	calorimeter	called	MPC(Muon	Piston	Calorimeter)	of	the	
experiment	PHENIX.		Minipads	are	used	as	the	acTve	sensors	in	MPC-EX	to	
detect	charged	parTcles	appearing	in	pre-shower,	iniTal	part	of	an	
electromagneTc	shower.	MPC-EX	will	reconstruct		π0 parTcles	within	its	
acceptance	up	to	the	momentum	of	50	(GeV/c).			
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Installed	in	PHENIX	in	2014,	successfully	parTcipated	in	data	taking	in	Run15	



Korean	PHENIX	MPC-EX	Sensors	
	
Minipad:		6.2cm	x	6.2cm	
Strip	size:				1.5	mm	x	15mm	x	500um	
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What	was	done	in	Korea
	on	MPX-EX	Sensors… 
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Sensor	Design 
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Test	structure 
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												Actual	masks 
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FabricaTon 

High	purity	Si	wafer OxidaTon Ion	implant Oxide	layer	deposiTon Etch	for	
contact 
Metal	layer	deposiTon PassivaTon 
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FZ N- Wafer 

1.  Starting Material (FZ N- Wafer, > 5 kΩ.cm) 
2.  Thermal Oxidation: 900 nm 
3.  Front-Side PR Coating 
4.  Photo Mask(1); N-Channel Stop (Option) 
5.  Back-Side Oxide Wet-Etch 

6.  …... and more  N-Ch. Stop (Option) 

Oxide 
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FabricaTon… 



Minipad	Sensors	on	Si	Wafer 
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R	&	D 

Yes,	there	was	R&D	with	BNL	InstrumentaTon	Division 
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Concept	of	Novel	Sensor	Guardrings	

A segmented, low-dose (a few times of 1012/cm2) n+-implant on near GRS 
can remove the detector oxide-property dependence with lower E-field  
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Main	guardring,	3	terTary	guardrings,		
&		channel	stop 
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								SimulaTon	of	3rd	TerTary	Guardring	Region 
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Final	sensor	yield	~	75% 
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Successful	FabricaTon	&	Delivery 



Summary	of	PHENIX	MPC-EX	Work 

•  Have	provided	381	good	Si	Mini-Pad	sensors	
for	the	PHENIX	MPC-EX	detector.		

Simple	math:		
	Stability	of	all	sensors	was	tested	for	2	hours	at	the	bias	of	

60(V),	twice	full	depleTon	voltage.	2	hours/sensor	*	481	sensors	
=	40	days		
	

Trained	many	students	and	postdocs	in	Korea! 
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Possible	Future	Work?		
FPHX	Based	Silicon-Strip	Tracker:	S2	Sensors?	

•  5	strip	layers	+	2	pixel	layers	
S2:					1	strip	layer	at	R~60	cm	~1%	X0										(2%	in	ref.	design),		
500um	is	OK/beoer	
S1ab:	2	strip	layer	at	R~34	cm	~1%	X0	total	(2%	in	ref.	design)	
S0ab:	2	strip	layer	at	R~	8	cm		~1%		X0	total	(2.7%	in	ref.	design)	
P1:					pixel	at	R~5	cm			(reconfigured	VTXP)	1.3%	X0	
P0:					pixel	at	R~2.5cm	(reconfigured	VTXP)	1.3%	X0	

–  All	strips	are	75	µm	x	9.6mm.	S0b	has	a	small	stereo	angle.	
–  Air	cooling	to	achieve	small	radiaTon	length	
–  Small	rad.	length	enables	smaller	over-all	size	and	to	keep	the	

required	momentum	resoluTon	to	separate	3	Upsilon	states	
–  S0+S1+S2:	~8m2	of	silicon	and	3.2M	ch	

•  FPHX	chip	for	read-out.		
–  FPHX	is	the	read-out	chip	of	FVTX	
–  128ch/chip.	3bit	ADC	/ch.	

–  Low	power	(64mw	per	chip)	
			Possible	future	contribuTon?					
				S2	layer	area	~	6.0	m^2,		
				500um	thick	sensors,	large	signal!		
	
				sensor	cost	+	test		~	$5/cm^2,		
																										Total	cost	~	$5	x	6	x10^4	=	$300	K					
																									Proven	technology	!		
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R&D	:	Two	publicaTons 
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Sensor	Damage	Measurement	at	ARTI,	Jungeup 
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Radia:on	Damage	Study 

Surface	damage	
				Total	IonizaTon	Dose	

	à	Charged	surface						
				:	Surface	leakage	
current 

Bulk	damage	
			NonIoinzing	Energy	Loss		
											à	Point	defect	

	à	Defect	cluster	
				:	Leakage	current	
				:	Charge	collecTon	
								efficiency 
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Surface	Damage 

				A	given	fracTon	of	ionizing	energy	loss	produces	hard	electrons	from	the	SiO2		
layer	at	the	surface	of	sensor.	These	hard	electrons	penetrate	the	same		layer	and		
reaches	semiconducTng	Si	bulk.	Therefore,	the	SiO2		layer	gains	posiTve	charge	
with	Total	IonizaTon	Dose.	Subsequently,	electrons	gather	underneath	the	charged		
SiO2		layer	and	reduce	resisTvity	of	the	intrinsic	Si	channel	between	p+	paoerns.		
Hence,	leakage	current	between	p+	paoerns	increase.		
10/26/15	 Pre-DNP	sPHENIX	Workshop	 25	



10/26/15	 Pre-DNP	sPHENIX	Workshop	 26	



10/26/15	 Pre-DNP	sPHENIX	Workshop	 27	



Latest	Work	on	Pixel	Sensors 
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ALICE	Set-up	

HMPID 

Muon Arm 

TRD 

PHOS 

PMD 
ITS 

TOF 

TPC 

Size: 16 x 26 meters 
Weight: 10,000 tons 
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ALICE	ITS	Upgrade 
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Work	in	Progress	in	Korea	... 
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To	produce	producTon	MAPS	chips:	
Companies	are	too	busy	to	serve	us.	One	needs	careful	approach.	
If	we	prepare	well	and	be	careful,	we	might	be	successful	next	Tme. 
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State	of	the	Art	FaciliTes		
exist	in	Korea	…	



ALICE	ITS	Pixel	Sensors 

12 µm + 10 µm 

22
 µ

m
 

Part of Priority 
Encoder 

Analog 
Front End 

Memory 
cell 

Collection 
electrode 
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Infra-structure	under	Development		
(for	ALICE	ITS	upgrade) 

•  Thinning	&	Dicing	
–  Innofab(consultant)/	Purex(service	provider)		

•  Probecard	for	ALICE	ITS-Upgrade	
– Probe	needles	:	EQENG	
– Electronics	and	readout	:	NOTICE	

	

•  AutomaTc	test	staTon	:	C-ON 
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Thinning	&	Dicing	at	Purex 
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To	reach		
~	50um	



Probecard	Development 

Probecard	ver.	2	
	
1.	AutomaTc	contact	detec:on	
	
	
2.	OperaTon	at	1	GHz	
		By-pass	mode		
					:	simple	signal	rouTng	
			
Stand-alone	mode	~	DAQ	
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AutomaTc	Test	Equipment	
(Pick	&	Place) 

PLACE AREA 

Booom	cam
era 

PICK  up ARE
A 

Booom	cam
era 

Qualified	companies	are	willing	to	serve… 
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Summary 
There	are	good	potenTals	for	Si-sensors,	Electronics	&	
AutomaTon	work	in	Korea.		
	
•  PIN-structured	Si	sensors:	Strip	sensors	for	outer	tracking	system	

		Yes,	we	can	design,	fabricate,	dice,	and	test.	
	

•  CMOS	image	sensors	:		MAPS	based	pixel	detectors		
	High	barrier	to	access	premier	fab.	We	experienced	design	of,	
	thinning	&	dicing	of,	and	developing	test	system	for	the	ALICE	ITS	
	pixel	sensors.	

	
•  Test	electronics	:		

	We	developed	probe	needle	&	board,	and	developing	DAQ-like	
operaTon	 	of	the	board.		

	We	are	developing	automated	test	staTon	with	an	enthusiasTc	local	
	company.			
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